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1956: 46 cromosomas humanos

Tjio & Levan. 1956. Hereditas 42: 1-6
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2000: secuencia del genoma humano

6OD... THE DAMN
HUMAN GENOME I HACKERSIL Venter & Collins
it TO CHANGE THE |

PASSWORD

*Hum Genom Consort. 2001. Nature 409: 860-921
*Venter et al. 2001. Science 291: 1304-1351
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1965: Células hibridas humano-ratdén

Harris & Watkins. 1965. Nature 205: 640-646
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=1971: Bandeo Giemsa
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1990: FISH

Fan, Davis & Shows. 1990.
Proc Natl Acad Sci 87:
6223-6227




1992: mapa genético microsatélites
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NIH/CEPH Collaborative Mapping Group. 1992. Science 258:1
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48-62.

1984-2000: Importantes avances gendmicos

1984 1990 1991 1992 1993 1994 1995 1996 1997 1998

Discussion and debate
in scientific community
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Chromosome 22
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Chromosome 21

* Hum Genom Consort. 2001. Nature 409: 860-921



3,2 Gigabases = 3200 Megabases

3.200.000 kilobases
3.200.000.000 pares de bases
=700 x genoma E. coli

=270 x genoma de levadura
= 19 x genoma de Drosophila
= 1,2 x genoma de raton

25.000 genes

Chimpancé 22.524
Raton 26.762
Drosophila  13.525
Levadura 6.144
E. Coli 4.289



Tipos de secuencias

1.5% ~3%

3% repeticiones simples

5% grandes repeticiones recientes

Nuclear genome
(24 linear double-stranded DNA
molecules - 3200 Mb; ~30 000 - Highly conserved (coding)

genes) [] Highly conserved (other)

[] Transposon-based repeats
[] Heterochromatin
[] other non-conserved

Figure 9-1 Human Molecular Genetics, 3/e. (@ Garland Science 2004)

Secuencias repetidas

© Chrombios

DNA centromérico DNA telomérico

DNA repetido
intercalado

Genes rRNA (secuencias Alu)




Densidad génica
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“Polimorfismo de DNA”

* Locus del genoma humano con mas de un alelo

e Con una frecuencia del alelo minoritariode 1% o
mas en la poblacion



Clases de polimorfismos

SNP

VNTR simple

Polimorfismo de copia de transposon
VNTR a gran-escala Variacion
estructural
Polimorfismos cromosdmicos

SNP: single nucleotide polymorphism

Mstll Mstll Mstll

1.2 kb 0.2 kb
& = g 22— g
5 6 7
A 5 —JccTTAGG CCT—GG—GAG CCTTAGGL— 8"
BA 3 THGGAATCA—N—GGAAlTIc-C|TC— —N——JGGAATCO— 5

. Sickle cell
i mutation
s s CCTTAGG CCT—GG—GAG CCTTAGG 3
BS 5 —HGGAAT N\ GGA AR ETe——N\—aeAaATCC—5
homozygote
1.4 kb
e = — 1.4 kb (BS-specific)
— [— — 1.2 kb (B*-specific)
phsh  BAB° pSpS

Normal Carrier Sickle cell

e sustitucion, insercion o delecidon de 1 nt
* = 2alelos

* Pueden generar RFLPs

* Distribucién por todo el genoma

* Genotipado automatico a gran escala




SNPs

Bialélicos

Frecuencia alelo minoritario (MAF) > 1%

10 milliones SNPs en el Genoma Humano
(1/300 bp)

Consitituyen 90% de la variacion en la poblacion
(10% restante: variantes minoritarias rare variants)

Proyecto HapMap

International % 2 H
HapMap 1“‘ - International HapMap Project

Project iy PP
Home | About the Project | Data | Publications | Tutorial

* Inicio en 2002

* Objetivo: construccidon de un mapa haplotipico del genoma
humano, HapMap, que describe los patrones comunes
(frecuentes) de variacion en la secuencia de DNA humano.

*herramienta clave para buscar genes implicados en
patologias humanas y/o en respuestas a farmacos o factores
ambientales

*Datos disponibles publicamente



* 1,3 millones de SNPs

HapMap Fase | (2005):

(1 SNP /5 kb)

* Genotipados en 270 individuos de 4
poblaciones:

* 30 Yorubas (Nigeria)
* 30 caucasicos (Utha)
* 45 Han (Beijing)

* 45 Japoneses
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Haplotipos y tag SNPs

SNP
v
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a SNPs

Chromosome 1
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Chromosome 3
Chromosome 4

b Haplotypes
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¢ Tag SNPs

O\> <«

Figure 1 SNPs, haplotypes and tag SNPs. a, SNPs. Shown is a short stretch of DNA
from four versions of the same chromosome region in differentpeople. Most of the DNA
sequence is identical in these chromosomes, but three bases are shown where
variation occurs. Each SNP has two possible alleles; the first SNP in panel a has the
alleles C and T. b, Haplotypes. A haplotype is made up of a particular combination of
alleles at nearby SNPs. Shown here are the observed genotypes for 20 SNPs that
extend across 6,000 bases of DNA. Only the variable bases are shown, including the
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© 2003 Nature Publishing Group

O\ «
O\O <«

three SNPs that are shown in panel a. For this region, most of the chromosomes in a
population survey turn out to have haplotypes 1-4. ¢, Tag SNPs. Genotyping just the
three tag SNPs out of the 20 SNPs is sufficient to identify these four haplotypes
uniquely. For instance, if a particular chromosome has the pattern A-T-C at these
three tag SNPs, this pattern matches the pattern determined for haplotype 1. Note that
many chromosomes carry the common haplotypes in the population.

NATURE | VOL 426 | 18/25 DECEMBER 2003 | www.nature.com/nature

Haplotipo:

Combinacion concreta de alelos de varios SNPs
presente en un cromosoma dado

5 febrero 2010
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Haplotipos

SNP
v

AACACGCCA..

a SNPs

Chromosome 1
Chromosome 2
Chromosome 3

Chromosome4 AACACGCCA..
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(22° haplotipos teodricos)
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Figure 1 SNPs, haplotypes and tag SNPs. a, SNPs. Shown is a short stretch of DNA
from four versions of the same chromosome region in different people. Most of the DNA
sequence is identical in these chromosomes, but three bases are shown where
variation occurs. Each SNP has two possible alleles; the first SNP in panel a has the
alleles C and T. b, Haplotypes. A haplotype is made up of a particular combination of
alleles at nearby SNPs. Shown here are the observed genotypes for 20 SNPs that
extend across 6,000 bases of DNA. Only the variable bases are shown, including the
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three SNPs that are shown in panel a. For this region, most of the chromosomes in a
population survey turn out to have haplotypes 1-4. ¢, Tag SNPs. Genotyping just the
three tag SNPs out of the 20 SNPs is sufficient to identify these four haplotypes
uniquely. For instance, if a particular chromosome has the pattern A-T-C at these
three tag SNPs, this pattern matches the pattern determined for haplotype 1. Note that
many chromosomes carry the common haplotypes in the population.

NATURE | VOL 426 | 18/25 DECEMBER 2003 | www.nature.com/nature

Desequilibrio de Ligamiento

* En una region cromosomica dada se observa
un n2 pequeno de haplotipos distintos:

Los SNPs muestran una fuerte asociacion

(desequilibrio de ligamiento), dado su origen
mutacional y la baja tasa de mutacidén



tag SNPs
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Figure 1 SNPs, haplotypes and tag SNPs. a, SNPs. Shown is a short stretch of DNA
from four versions of the same chromosome region in differentpeople. Most of the DNA
sequence is identical in these chromosomes, but three bases are shown where
variation occurs. Each SNP has two possible alleles; the first SNP in panel a has the
alleles C and T. b, Haplotypes. A haplotype is made up of a particular combination of
alleles at nearby SNPs. Shown here are the observed genotypes for 20 SNPs that
extend across 6,000 bases of DNA. Only the variable bases are shown, including the
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three SNPs that are shown in panel a. For this region, most of the chromosomes in a
population survey turn out to have haplotypes 1-4. ¢, Tag SNPs. Genotyping just the
three tag SNPs out of the 20 SNPs is sufficient to identify these four haplotypes
uniquely. For instance, if a particular chromosome has the pattern A-T-C at these
three tag SNPs, this pattern matches the pattern determined for haplotype 1. Note that
many chromosomes carry the common haplotypes in the population.

NATURE | VOL 426 | 18/25 DECEMBER 2003 | www.nature.com/nature

tagSNPs

e Capturan (casi) toda la variabilidad de un
bloque haplotipico sin tener que genotipar
todos los SNPs del mismo

5 febrero 2010
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HapMap Project

Phase 1 Phase 2 Phase 3
Samples & POP 269 samples 270 samples 1,115 samples
panels (4 panels) (4 panels) (11 panels)
Genotyping HapMap
centers International Perlegen Broad & Sanger
Consortium
Unique QC+ 1.1 M 3.8 M 1.6 M (Affy 6.0
SNPs (phase I+II) & Illumina ].M)
Reference Nature (2005) Nature (2007) Draft Rel. 1
437:p1299 449:p851 (May 2008)

Phase 3 Samples

label population sample # samples | QC+ Draft 1
ASW African ancestry in Southwest USA 90 71
Utah residents with Northern and Western
CEU European ancestry from the CEPH collection 180 162
CHB Han Chinese in Beijing, China 90 82
CHD Chinese in Metropolitan Denver, Colorado 100 70
GIH Gujarati Indians in Houston, Texas 100 83
JPT Japanese in Tokyo, Japan 91 82
LWK Luhya in Webuye, Kenya 100 83
MEX Mexican ancestry in Los Angeles, California 90 71
MKK Maasai in Kinyawa, Kenya 180 171
TSI Toscans in Italy 100 77
YRI Yoruba in Ibadan, Nigeria 180 163
1,301 1,115

Population is made of family trios



Variantes Estructurales

e “Cualquier variante que altera la estructura
cromosomica ”

e Umbral arbitrario : > 1 kb

Reference New allele

Deletion —

Tandem duplication —1 — — T
CNV VNTR — T —

Dispersed duplication —] F—

Novel insertion — =
Repeat insertion H—H}+

Inversion — H—

balanced
Translocation

EERERER

TRENDS in Genetics

Figure 1. Types of structural variant. Eight different types of structural variant are
depicted, defined relative to the reference genome sequence.



CNV (copy number variants)

* Abundan en el genoma y estan amplamente
distribuidas

* Descubiertas gracias a las nuevas tecnologias
gendmicas

* Pueden explicar diferencias de expresion
génica, enfermeades genéticas y evolucion
humana

Database of Genomic Variants

 http:/ /projects.tcag.ca/variation/ ~(Q~ Google

| Edition My PBwiki: Home homocysteine: Hcy Entrez PubMed  MINISTERIO ...oyectos I+D  Telefonica ... Correo web  Revistes electroniques Al

@atabase of Genomic %riants Hosted by:

The Centre for
A curated catalogue of structural variation in the human genome Applied Genomics

Please select genome assembly: | Build 36 (Mar. 2006) [+)

View Data by Chromosome V_‘F‘” L

1234567891011121314151617 1819202122 XY All ;

Keyword Search

LRI

Search
ExactMatch? O Yes ® No

Examples: clone name, accession number, cytoband, gene

TR T

Summary Statistics

BLAT Search

Enter sequence in FASTA format here: Total entries: 49988 (hg18)
CNVs: 29133

Inversions: 914

InDels (100bp-1Kb): 19941
Total CNV loci: 8410

BLAT Search ’ Articles cited: 35
Last updated: Aug 05, 2009

Join our mailing list

CNV genotype data from the Genome Structural Variation Consortium now available - Aug 21, 2009

Read about the updates in our newsletter.

In citing the Database of Genomic Variants please refer to: lafrate AJ, Feuk L, Rivera MN, Listewnik ML, Donahoe PK, Qi Y,
Scherer SW, Lee C: Detection of large-scale variation in the human genome. Nat Genet. 2004 Sep;36(9):949-51.



Nuevas herramientas
ARTICLES

|
)

nature
genetlcs

Integrated detection and population-genetic analysis

of SNPs and copy number variation

Steven A McCarroll'=410, Finny G Kuruvilla!10, Joshua M Korn!~®, Simon Cawley7, James Nemesh!,

Alec Wysoker!, Michael H Shapero’, Paul I W de Bakker!"#8, Julian B Maller?, Andrew Kirby3,

Amanda L Elliott!, Melissa Parkin!, Earl Hubbell”, Teresa Webster’, Rui Mei’, James Veitch’, Patrick J Collins’,

Robert Handsaker!, Steve Lincoln’, Marcia Nizzari!, John Blume’, Keith W Jones’, Rich Rava’,

Mark ] Dalyl'3'4'9, Stacey B Gabriel'! & David Altshuler!=4%?

*McCarroll et al. 2001. Naure genetics 40:1166-74, 2008 .
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Genome-Wide Human SNP Array 6.0

P * >906,600 SNPs
WESIRTRH * >946,000 copy humber

GeneChip
a0 w Mo

probes

e 474,25 €/muestra

X
Affymetrix

*McCarroll et al. 2001. Naure genetics 40:1166-74, 2008 .

Nuevas herramientas

Nos permiten:

» Abordar estudios de asociacion a nivel de genoma completo (GWA)

* Buscar las bases genéticas sin definir hipotesis a priori (hypothesis free)
* Mirar simultanemamente SNPs y CNVs

* Estudiar la genética de - enfermedades monogénicas

I g am e - enfermedades complejas

- malformaciones congénitas
- respuesta a farmacos

- respuesta a efectos ambientales




*Conrad et al Nature advance online publication 7 October 2009 | doi:10.1038/nature08516;

Ultimas noticias:

Origins and functional impact of copy
number variation in the human genome

Donald F. Conrad'*, Dalila Pinto®*, Richard Redon'?, Lars Feuk®*, Omer Gokcumen®, Yujun Zhang', Jan Aerts',
T. Daniel Andrews', Chris Barnes', Peter Campbell', Tomas Fitzgerald®, Min Hu', Chun Hwa Ihm”,

Kati Kristiansson', Daniel G. MacArthur', Jeffrey R. MacDonald?, Ifejinelo Onyiah', Andy Wing Chun Pang?,
Sam Robson’, Kathy Stirrupsl, Armand Valsesia', Klaudia Walter', John Weiz, Wellcome Trust Case Control
Consortium¥, Chris Tyler-Smith', Nigel P. Carter', Charles Lee”, Stephen W. Scherer”® & Matthew E. Hurles'

Structural variations of DNA greater than 1kilobase in size account for most bases that vary among human genomes, but are
still relatively under-ascertained. Here we use tiling oligonucleotide microarrays, comprising 42 million probes, to generate a
comprehensive map of 11,700 copy number variations (CNVs) greater than 443 base pairs, of which most (8,599) have been
validated independently. reference genotypes from 450 individuals of European

African or East Asian ancestry. The predominant mutational mechanisms differ among CNV size classes. Retrotransposition
has duplicated and inserted some coding and non-coding DNA segments randomly around the genome. Furthermore, by

correlation with known trait-associated single nucleotide polymorphisms (SNPs), we identified 30 loci with CNVs that are

candidates for influencing disease susceptibility. Despite this, having assessed the completeness of our map and the
patterns of linkage disequilibrium between CNVs and SNPs, we conclude that, for complex traits, the heritability void left by
genome-wide association studies will not be accounted for by common CNVS:
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